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57 ABSTRACT

A storage shelf (10) has a plurality of supports (14) arranged
on top of each other for supporting stock carriers (15) which
can be moved by means of an automatic transfer and removal
device (13), has at least one access opening (18) for supplying
and removing the stock carriers (15), and has a computer (20)
in which information about the stored goods (17, 17a) is
saved. At least one image sensing device (24) is provided
which is suitable for the optical detection of goods placed on
the stock carriers (15) and can produce digital image infor-
mation, wherein the digital image information can be stored
in the computer (20) and called up by means of a display unit
(22, 23). The display unit (22) is associated with a selection
device which uses the digital image information to allow
selection of a stock carrier (15) and movement thereof to the
access opening (18) by means of the computer. The computer
(20) has an image data archive (34) for archiving the digital
image information of the stock carrier (15), and an image data
processing unit (38) which is designed for the detection and/
or recognition of modification to the loading state of stock
carriers (15) and/or for the detection and/or recognition of
free storage places using the digital image information from
the image data archive (34).

19 Claims, 6 Drawing Sheets
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STORAGE RACK WITH AUTOMATIC
STORAGE LOCATION ACQUISITION

The invention relates to a storage rack with a plurality of
supports arranged on top of each other for supporting carriers
which can be moved by means of an automatic loading and
removal device. The storage rack has at least one access
opening for inserting and removing the carriers, and com-
prises a computer wherein information about the stored goods
is stored. The storage rack is provided with at least one image
capture device which is suitable for optical recording of the
goods placed on the carriers and is able to produce digital
image information wherein the digital image information can
be stored in the computer and recalled by means of a display
unit. A selection device which uses the digital image infor-
mation to allow selection of a carrier and movement thereofto
the access opening by means of the computer is associated
with the display unit. Furthermore, the invention relates to a
method for storing or removing storage goods in a storage
rack of this type and a computer program product for execu-
tion of such a method.

Storage racks of said type are known from prior art under
the designation “vertical 1ift”. In such storage racks, for stor-
ing or removing storage goods a carrier is moved to the access
opening in each case. As soon as the carrier is available in the
access opening, the operator may insert storage goods into the
carrier or remove them from the carrier.

Modern storage shelves of the type mentioned above are
provided with a control system which serves for stockkeeping
and wherein information is Modern storage shelves of the
type mentioned above are provided with a control system
which serves for stockkeeping and wherein information is
stored about which storage goods are stored in which carrier.
This allows for the respective carrier to be easily found by the
operatotr.

In order to simplify stockkeeping, DE 198 28 659 Al
proposes to provide light barriers registrating removal of
items from the containers and notifying a control unit of such
removal of items in a storage rack with fixed storage rack floor
sheets on which containers for storing goods are placed.

According to DE 43 18 341 Al a method for storage and
removal of cuboid shaped storage goods and a device for
performing this method have been disclosed. In this method
pharmaceutical products in cuboid shaped packages are sepa-
rated on a conveyor belt. Recognition of a bar code on the
sides of the package will then be attempted by means of
detection devices. In a further step, height, width and length
of the separate packages are detected. In a control unit, a
storage plan for storage drawers is stored. By comparing this
storage plan with the detected size of separate packages a free
storage space on one of the drawers is selected. The package
with the pharmaceutical product is then moved to this loca-
tion. There is no operator interaction intended with the draw-
ers, as in such a case the occupancy data stored in the control
unit would not be updated and selection of free storage space
would therefore return faulty results.

DE 201 21 417 U1 discloses a storage rack having most of
the characteristics mentioned at the beginning. An image
sensing program stored in the computer is capable of gener-
ating a raster system which allows detection and display of
free storage places in carriers.

The object of the invention is to accelerate the storage
operation in a storage rack of the type mentioned above and to
simplify stockkeeping and detection of free storage spaces.

In order to achieve this object it is suggested according to
claim 1 that the computer will contain an image data storage
for archiving the digital image data of the carriers and an
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image data processing unit designed to detect and/or recog-
nize free storage spaces based on the digital image data in the
image data storage.

Advantageous embodiments of the storage rack according
to the present invention are subject of subclaims 2 through 8.

In the storage rack according to the present invention the
storage space occupied by newly stored storage goods is
automatically detected and noted in the data about stored
storage goods. Likewise, free storage spaces are detected by
the computer based on the digital image data. This has the
advantage that free storage spaces are recognized even if the
storage goods have slipped in the carriers. Furthermore, a
precisely located storage is no longer necessary to allow
detection of free storage spaces and the storage rack can be
filled with storage goods of any shape.

The storage rack according to the present invention will
obviate the need for the operator to enter into the computer at
which location in the carrier moved to the access opening the
newly stored storage goods have been placed. Likewise, when
storage goods are removed there is no need to enter the
previous storage location of the storage goods into the com-
puter. Furthermore, the selection of a carrier having a suitably
large free storage space is simplified. The storage operation is
thus accelerated and reliability of stored data concerning the
occupancy situation is increased.

The storage rack may comprise a contactless detection unit
for recognition of storage goods. As there is no need for the
operator to manually enter an identification of the storage
goods any more, this also accelerates storage or removal
operation and increases reliability of available data.

The storage goods may comprise a wireless transponder
device for identification purposes and the storage rack may be
provided with a communication device for wireless transpon-
ders designed to transfer identification data to the computer.

Advantageously, the wireless transponder device com-
prises an RFID tag. Various examples of such labels are
known from prior art and they are available in various shapes.
Especially, such labels can be found as small adhesive labels
having low weight and volume as well as being easy to
handle.

The communication device may be provided with an RFID
receiver unit. Such an RFID receiver unit provides the possi-
bility to detect all objects marked by means of an RFID tag in
the area of the access opening and/or in the area of the carrier
in a contactless manner and without the need for optical
accessibility, as is necessary for the detection of bar codes.

In order to determine a free storage space the computer
may be provided with a size data storage containing data for
storage space requirements of certain storage goods. This will
increase accuracy of a suggestion for a free storage place to
store storage goods.

The display unit can be designed to display a preview ofthe
free storage space that has been determined. This allows
orientation for the operator on the carrier even while the
carrier is being removed from the storage rack and is being
moved to the access opening, thus shortening search for free
storage space on the carrier.

For communication between its units the storage rack is
provided with a LAN or a CAN bus. This type of communi-
cation channels can be operated reliably and with low failure
rate in an industrial environment.

Furthermore, a method for storage or removal of storage
goods in a storage rack according to the present invention is
suggested, wherein at first the storage goods to be stored or
removed are identified by an operator or by the contactless
detection unit, a free storage space or the storage location is
identified by the computer based on stored storage informa-
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tion or stored image data, then the carrier including the free
storage place determined is moved to the access opening, the
storage goods are stored or removed, and finally the storage
information in the computer is reconciled.

The method according to the present invention allows for
reliable update of storage information thus minimizing the
influence of operator errors.

Advantageous embodiments of the method are subject of
claims 10 through 20.

By means of the display unit the storage space determined
by the computer on storage can be displayed to and rejected
by an operator, in which case another free storage space will
subsequently be determined. This allows for verification of
the suggested storage space.

The storage space of the storage goods determined by the
computer on removal can be displayed to an operator by
means of the display unit. Thus, the operator can find the
storage space on the carrier more easily.

Advantageously, the image data processing unit will split
the digital mage data into a raster the raster elements of which
can be marked as free or occupied in the storage information.
This will decrease the effort needed for processing image
data, thus allowing for inexpensive and energy efficient parts
to be used for the computer and the image data processing
unit.

To reconcile storage information the image capture device
may capture and transfer one image of the carrier before and
following storage or removal to the image archive storage
respectively. This will provide a record of which changes
have been made to the carrier by the operator.

The image data processing unit can generate a difference
for each pixel of a raster element between the pixel of the
image captured before storage or removal and the pixel of the
image captured after storage or removal and total the differ-
ences within a raster element to calculate a similarity value.
This enables the image data processing unit to detect in which
raster elements changes have occurred due to storage or
removal.

The image data processing unit is furthermore able to per-
form a process for detecting free raster elements where a
percentage of pixels with color values which are within an
identification range is determined and the raster element is
marked as unoccupied if the percentage exceeds a defined
threshold value. This allows detection of free space, espe-
cially on newly inserted carriers, without the need to use
archived image data.

In an embodiment of the method the image capture device
performs the method to detect free raster elements for each
raster element of a carrier.

Advantageously, the computer comprises a data base
wherein storage locations and/or storage quantities of storage
goods are saved. Thus, once storage goods have been stored
they can be recovered easily.

In order to reconcile storage information the computer is
able to store the storage location determined using the digital
image information and the identification of the stored storage
goods in the data base. Thus, it is no longer necessary to re-run
the time consuming image data processing for each request
for a free storage space or certain storage goods.

The computer is able to generate a list of storage goods
contained in the carrier before and after the storage or removal
operation and determine the storage goods removed and
stored by a comparison of the lists. This further increases
reliability of the data base.

To accomplish the object of the invention a computer pro-
gram product for performing the method according to one of
claims 9 through 20 is furthermore suggested which is
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designed to be executed in the computer and/or the image data
processing unit and/or the image data archive storage.

Details and further advantages of the storage rack accord-
ing to the present invention will be apparent from the follow-
ing description of a preferred example of an embodiment. The
drawings are designed solely for purposes of schematical
illustration of the embodiment of the invention, showing:

FIG. 1 a storage rack with sensing, display, and processing
units;

FIG. 2 a block diagram of the computer;

FIG. 3 a flow chart to illustrate a storage or removal opera-
tion;

FIG. 4 a flow chart with a process to detect changes in a
carrier;

FIG. 5a a photo of a carrier before a storage operation with
a raster;

FIG. 56 a photo as in FIG. 54 after a storage operation and

FIG. 6 a flow chart depicting a method for detecting free
storage space.

The storage rack 10 shown in FIG. 1 comprises two mod-
ules 11a and 115 which are located spaced apart from each
other. The modules 11a, 115 comprise a plurality of carrier
supports 14 which are located in pairs spaced apart from each
other on opposing side walls. The carrier supports 14 serve to
support trough shaped carriers 15 wherein storage goods 17
are contained.

Between modules 11a, 115 a conveyor space 12 is pro-
vided wherein a moveable automatic loading and removal
device 13 is located by which the carriers can be moved.

Module 115 is provided with an access opening 18 through
which the carriers 15 can be loaded or removed. Likewise, it
is possible to remove storage goods 17 from a carrier 15
which has been moved to the access opening 18 and/or store
them in it.

A computer 20 which inter alia serves to control the storage
rack 10 is associated with the storage rack 10. An operator
device 22 located at the storage rack 10 and an independently
operable visual inspection station 23 are linked to the com-
puter 20 by means ofa LAN 21, i.e. a local computer network.

An image capture device 24 consisting of a digital camera
is located in a top face 19 of the access opening 18. The digital
camera 24 is positioned to allow registration of a carrier 15
which has been moved to the access opening 18 in its entirety.

For transfer of digital image data to the computer 20, the
digital camera 24 is linked thereto by means of the LAN 21.

A contactless sensing device consisting of an RFID
receiver 26 is also connected to the LAN 21. The storage
goods 17 are provided with RFID tags 27, thus allowing the
storage goods 17 to be identified by the RFID receiver 26.

The computer 20 depicted in FIG. 2 is connected to the
LAN 21 by means of a communication interface 30. The
computer 20 is thus able to exchange data with the RFID
receiver 26, the digital camera 24 and a display device 28 over
the LAN 21. Furthermore, the automatic loading and removal
device 13 can be accessed by means of the LAN 21 (not
shown herein).

The operator device 22 is associated with a control unit (not
shown) to control the automatic loading and removal device
13 which is responsible for controlling removal and insertion
of the carriers 15. The computer 20 can communicate with
this control unit and is thus relieved from directly controlling
the mechanics of the storage rack 10. This control unit also
allows operating the storage rack 10 by means of the operator
device 22 without the computer 20.

The computer 20 comprises a central processing unit 31
which is linked to a data memory 33 by means of a storage
interface 32. Parts of the data memory 33 serve as image data
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archive 34, size data memory 35, storage data base 36 and as
occupancy information memory 37.

The central processing unit 31 comprises an image data
processing unit 38 for processing the image data supplied by
the digital camera 24. The image data supplied by the digital
camera 24 is stored in the image data archive 34 together with
a metadata record. The metadata record, for example, con-
tains information concerning the photographed carrier 15,
date and time of the photo, information pertaining to whether
the image was acquired before or after access by an operator
as well as an identification code for the operator who has
induced the carrier 15 to be moved to the access opening 15.

The size data memory 35 contains size and weight infor-
mation for various storage goods 17. Each type of storage
goods 17 is associated with a part number which allows, for
example, to retrieve the size of the storage goods 17 from the
size data memory 35.

The part number can also be used to retrieve data pertaining
to storage spaces of storage goods 17 having a certain part
number from the storage data base 36.

The occupancy information memory 37 contains informa-
tion for each carrier 15 concerning which areas of the carrier
15 are occupied by storage goods 17 and which areas are free.

FIG. 3 shows the course of a storage operation in storage
rack 10. During a first step 40 an operator identifies storage
goods 174 to be newly stored to the computer 20. This will be
accomplished by moving the RFID tag 27 attached to the
storage goods 174 into the reception are of the RFID receiver
26. In case of storage goods 17a which are too small or
unsuitable for attaching an RFID tag 27 identification may,
for example, also be accomplished by entering a part number
by means of the operator device 22 or the visual inspection
station 23.

The operator also wears an RFID tag 27 attached to his/her
clothing transmitting the operator identity to the RFID
receiver 26.

In a further step 41, the computer 20 uses the identification
of the storage goods 17a to retrieve their size from the size
data memory 35. The computer 20 will subsequently search
the occupancy information memory 37 for a free storage
space of sufficient size. Once such storage space has been
identified the carrier 15 with the free storage space will be
moved to the access opening 18 in a further method step 42.

Once the carrier 15 has reached the access opening 18, the
digital camera 24 will take a picture of the carrier 15 in a step
43. The image is transtferred to the computer 20 where it will
be stored in the image data archive 34 in association with the
information that this image shows a state before an operator
action.

In step 44 the operator stores the storage goods 17a in a free
storage space in the carrier 15. A suggestion for free storage
space is displayed on the operator device 22 for this purpose.

Once storage is completed this status will be entered by the
operator by means of the operator device 22, inducing a
picture of the carrier 15 to be taken and transferred to the
computer 20 by the digital camera 24 in a further processing
step 45. The computer 20 will store the image in the image
data archive 34 in association with the information that it
contains a state after an operator action.

In a compare step 46, the computer 20 in association with
its image data processing unit 38 compares the pictures taken
before and after the operator action and detects occupancy
changes in the carrier.

Based on these detected changes, in a further step 47, the
storage data base 36 and the occupancy information memory
37 are updated.
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In order to detect the changes in the occupancy situation,
the image data processing unit 38 performs a method as
shown in FIG. 4. In a first step 50, the image data processing
unit 38 retrieves two images from the image data archive 34.
The first image 39a shown in FIG. 5a was taken before the
storage operation, the second image 3956 shown in FIG. 56
was taken after the storage operation.

After these images 394, 395 have been retrieved from the
image data archive 34, a raster 38a will be superimposed on
them by the image data processing unit 38 in step 51.

In step 52, the image data processing unit 38 selects a raster
element to be processed. In step 53, a pixel by pixel compari-
son is performed between the raster element of picture 39a
and the raster element of picture 395. If the raster elements
match with each other, as it is, for example, the case in
elements A3 and G1, the occupancy status of the raster ele-
ment in the occupancy information memory 37 will not be not
changed in step 54a.

If, however, a change has occurred between picture 39a
and picture 395 in the compared raster element, as it is the
case in raster elements C4 through C6, the occupancy status
of the raster element in the occupancy information memory
37 will be inverted in step 545.

In a next step 55 the image data processing unit 38 verifies
whether all raster elements have been compared with each
other. If this is not true the processing will be continued with
a new raster element in step 52.

If, however, the last raster element has been compared, the
detection of changes will be completed.

In order to further improve detection of free storage space
the image data processing unit 38 additionally performs the
method shown in FIG. 6. For this purpose, the image data
processing unit 38 first retrieves picture 395, which was taken
after the storage operation from the image data archive 34.

In a first step 60, the raster 384 is superimposed on the
picture 395. The image data processing unit 38 selects a raster
element for verification in step 61. In step 62 the image data
processing unit 38 detects the percentage of pixels of the
raster element showing color values within an identification
range.

The identification range is selected to ensure that the
majority of the pixels in a raster element without storage
goods are within the identification range. If, for example, the
floor of the carriers 15 is of white color, the identification
range can be from 80% brightness to 100% brightness evenly
for all colors.

If, on the other hand, the floor of the carrier 15 is of black
color, the range from 0% to 20% brightness is, for example, to
be selected for the identification range. In case of alight green
floor the identification range will, for example, be from 80%-
100% for green and from 60%-90% for red and blue color
respectively.

After determining the percentage of pixels within the iden-
tification range the image data processing unit 38 compares
the percentage with a reference value which, in this case, shall
be 80%. Thus, if the color values of at least 80% of the pixels
of the raster element are within the identification range the
raster element is marked as unoccupied in step 63a. If, how-
ever, less than 80% of the color values of the pixels of the
raster element are within the identification range, the raster
element is marked as occupied in the occupancy information
memory 37 in step 635.

In a simplified version of the method the color values of the
pixels can be converted into gray values before the compari-
son. Saving in necessary processing power accomplished by
this will however be at the expense of accuracy in detecting
free storage space.
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In step 64, the image data processing unit 38 verifies
whether ithas verified all raster elements. If this is not the case
the method is continued with a new raster element in step 61.
If, however, all raster elements have been processed the image
data processing unit 38 will terminate detection of free stor-
age space.

In order to allow a positive determination of which storage
goods 17, 17a were stored or removed during a storage or
removal operation, the RFID tags 27 of the storage goods 17
contained in the carrier 15 are scanned before the storage or
removal operation. The result is compared with the result of
another scan performed after the storage or removal opera-
tion. New additional RFID tags 27 indicate newly stored
storage goods 17a while missing RFID tags 27 identify stor-
age goods 17 which have been removed.

The described method is also available as a computer pro-
gram product designed to be executed on the computer 20. In
this case, the computer 20 is a control computer for the
storage rack 10. It would also be conceivable to provide an
industrial PC with an interface for the storage rack 10 and for
its loading and removal device 13 respectively, as well as with
an interface for LAN 21 and to execute an appropriate com-
puter program product in such a computer 20.

Instead of the LAN 21 a CAN bus may be provided for
communication of the units with each other.

In case of the lens coverage of the digital camera 24 being
insufficient to view the carrier 15 in its entirety several digital
cameras 24 may be provided and separate images thereof can
be assembled by image data processing unit 38 into a com-
plete image of the carrier 15.

The storage rack according to the present invention in
association with the method according to the present inven-
tion provides a simple and reliable possibility to reduce
operator errors and to accelerate the storage and removal
operations in a storage rack 10.

LIST OF REFERENCE NUMBERS

10 Storage rack

11a Module

115 Module

12 Conveyor space

13 Loading and removal device
14 Carrier support

15 Carrier

17 Storage goods

17a Storage goods

18 Access opening

19 Top face

20 Computer

21 LAN

22 Operator device

23 Visual inspection station

24 Image capture device (digital camera)
26 RFID receiver (contactless
sensing device)

27 RFID tag

30 Communication interface
31 Central processing unit

32 Storage interface

33 Data memory

34 Image data archive memory
35 Size data memory

36 Storage data base

37 Occupancy information memory
38 Image data processing unit
38a Raster
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394 Image 1
395 Image 2
40-47 Method steps
50-55 Method steps
60-64 Method steps

The invention claimed is:

1. A storage rack comprising:

a plurality of carrier supports arranged on top of each other
for supporting carriers which can be moved by means of
an automatic loading and removal device,

at least one access opening for inserting and removing the
carriers, and

a computer wherein information about stored storage
goods is stored,

at least one image capture device for optical recording of a
carrier in its entirety and for optical recording of storage
goods placed in the carriers and able to produce digital
image information thereof, wherein the digital image
information can be stored in the computer and recalled
by means of a display unit,

a selection device responsive to the digital image informa-
tion for selecting a carrier and movement thereof to the
access opening by means of the computer assigned to the
display unit, wherein,

the computer comprises an image data archive for
archiving the digital image data of the carriers before
and after storage goods are placed in or removed from a
carrier and an image data processing unit for the recog-
nition of free storage spaces using a comparison of the
digital image information before and after storage goods
are placed in or removed from a carrier from the image
data archive.

2. The storage rack according to claim 1, wherein the
computer comprises a size data memory containing data rep-
resenting the storage space requirements of storage goods in
order to allow determination of a free storage space.

3. The storage rack according to claim 1, wherein the
display unit is designed for displaying a preview of the deter-
mined free storage space.

4. The storage rack according to claim 1, wherein the
storage rack comprises a LAN or a CAN bus to allow com-
munication between units.

5. The storage rack according to claim 1, wherein the
storage rack comprises a contactless sensing device allowing
recognition of storage goods.

6. The storage rack according to claim 5, wherein the stored
goods comprise a wireless transponder device to allow iden-
tification thereof, and in that a communication device for
wireless transponders designed for transferring identification
data to the computer is associated with the storage rack.

7. The storage rack according to claim 6, wherein the
wireless transponder device comprises an RFID-tag.

8. The storage rack according to claim 6, wherein the
communication comprises an RFD receiver.

9. A method for storing or removing storage goods in a
storage rack according to claim 1, comprising the steps of:

(a) identifying storage goods to be stored by an operator or
by means of a contactless sensing device;

(b) transferring the carrier including a detected free storage
space to the access opening;

(c) storing storage goods;

(d) reconciling occupancy information;

(e) detecting of the free storage space by the computer
using stored image data and

() displaying the storage space determined by the com-
puter during a storage operation to an operator by means
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of the display unit wherein the operator may reject said
storage space, in which case another free storage space
will be determined.

10. A computer program product for performing the
method according claim 9.

11. The method according to claim 9 wherein the image
data processing unit splits the digital image data into a raster,
the raster elements of which can be marked as free or occu-
pied in the occupancy information memory.

12. The method according to claim 11, wherein the image
capture device generates an image of the carrier before and
after storage or removal respectively and will transfer it to the
image data archive for reconciling the occupancy information
memory.

13. The method according to claim 12, wherein the image
data processing unit compares the raster elements of the
image generated before storage or removal to those of the
image generated after storage or removal in order to reconcile
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15

the occupancy information memory and in case ofa change in 29

a raster element will adjust an occupancy status associated
with this raster element.

14. The method according to claim 13, wherein the image
data processing unit calculates a difference for each pixel of a
raster element between the pixel of the image generated
before storage or removal and the pixel of the image gener-
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ated following storage or removal and totals the pixels within
a raster element in order to calculate a similarity value.

15. The method according to claim 11, wherein the image
capture device performs a method comprising the following
steps in order to detect free raster elements:

(a) determining the percentage of pixels the color values of

which are within an identification range;

(b) marking the raster element as unoccupied if the per-

centage exceeds a defined threshold value.

16. The method according to claim 15, wherein the image
capture device performs the method to detect free raster ele-
ments for each raster element of a carrier.

17. The method according to claim 9, wherein the com-
puter comprises a storage data base wherein the storage loca-
tions or amounts of the storage goods are stored.

18. The method according to claim 17, wherein when the
occupancy information memory is reconciled the computer
will store the storage location and the identification of the
storage goods determined based on the digital image infor-
mation in the storage data base.

19. The method according to claim 17, wherein the com-
puter generates a list of the storage goods contained in the
carrier before and after the storage or removal operation
respectively and will determine storage goods which have
been removed or stored by comparison of the lists.
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